INTRODUCTION 50 51 Some of the most ecologically complex and taxonomically diverse organismal 52 interactions center around the societies of social insects, in particular those of ants and termites 53 (Rettenmeyer et al. 2011 , Kistner 1979 , 1982 , Hölldobler & Wilson 1990 , Parker 2016 . 54
Organisms that have evolved symbioses with ants and termites are termed myrmecophiles and 55 termitophiles, respectively, and as a group these symbionts display a bewildering array of 56 morphological and behavioral specializations. Among termitophiles, two body forms, mimetic 57 the consequence of increased fat body growth that results in a grotesquely expanded body, 60 stretching out the intersegmental membrane between sclerites. Physogastry is thought to 61 transform the sclerotized body into one that resembles the relatively soft-bodied host termites 62 (Cunha et al. 2015) , often to a striking degree (Dawkins 1996 , Kistner 1969 ). In such species, 63 body segments begin to distend soon after the adults eclose (post-imaginal growth) (Kistner 64 1969) , and in some instances elongation of leg segments even occurs, breaking the cardinal rule 65 that arthropods grow by moulting. In defensive, or limuloid (horseshoe crab shaped) groups, the 66 abdomen is posteriorly tapered, lateral margins of the body are typically expanded and head 67 deflexed, protecting vulnerable appendages dorsally from attack (Figs. 1-4, 6-7) (Kistner 1979 , 68 Parker 2016 . 69
Across the Arthropoda, termitophilly has evolved only rarely, if at all (REF ####). One 70 exception is the rove beetle subfamily Aleocharinae, where this lifestyle has arisen at least 11 71 times, and over 650 described species are known to be symbiotic with termites (Kistner 1969 , 72 Kanao et al. 2012 . Such an exceptional predisposition to evolving this type of symbiosis raises 73 an immediate question over potential traits that might be pre-adaptive for the aleocharine 74 capacity to successfully invade termite nests. One approach to identifying putative pre-75 adaptations is to explore the evolutionary interplay between morphological and ecological 76 specializations leading up to independent origins of termitophily across the Aleocharinae 77 phylogeny. However, a major impediment exists in the lack of phylogenetic resolution in 78 Aleocharinae, and in the social insect symbiont lineages in particular (Ashe 2007) . Consequently, 79
we have little understanding of the ecological contexts within which termitophily evolves among 80 aleocharines, and the character transformations leading to the specialized morphologies seen in 81 many termitophilous clades. This phylogenetic impediment is particularly due to the taxonomic 82 challenges one confronts with Aleocharinae; their small size often obscure species level 83 differences, and vast taxonomic diversity impedes their study (there are 16,468 described species, 84 making them the largest animal subfamily [Newton unpublished data]) (Ashe 2007) . 85
Compounding the situation, social insect symbionts are notoriously challenging to collect due to 86 their low abundances (similar to army ant symbionts [Kistner 1979] ) and difficulty in extracting 87 them from inside nests (Kistner 1998, personal observations Collection (University of Kansas) and numerous field expeditions conducted by Kanao and 112 Maruyama (also see Acknowledgements). We again emphasize that symbionts of social insects 113 are exceedingly rare and the difficult to collect. Symbionts number one per thousands of colony 114 members, and nests are often subterranean and inaccessible (Kistner 1979 (Kistner , 1998 For this study, we modified the dataset of Ahn & Ashe (2004) . Sixteen taxa and nine 127 additional characters were added for a total matrix dimension of 74 taxa by 108 characters (S1-128 2). The dataset was constructed and handled in Mesquite v3.1.0 (Maddison & Maddison 2016) . habitat, some inhabit dead wood, but the majority build subterranean nests that may be 265 accompanied by above-ground architecture. Therefore, we logically expected that termitophilous 266 lineages would have a similar ancestral ecology, living on the ground/leaf litter or in dead and 267 decaying wood. Counter to this notion, we recovered a freshwater-riparian habitat-type for the 268 common ancestor of Myllaena + Termitohospitini. This is surprising, since riparian habitats are 269 notoriously underutilized by termites (as well as by ants). A fraction of Myllaena inhabit 270 ground/leaf litter in the tropics, and it is possible that these ground environments are quite 271 saturated, acting as transitional habitats between riparian zones and more strict terrestriality. We 272 hypothesize that termitohospitines evolved from ancestors that ventured into soaked ground/leaf 273 litter habitats in a tropical environmental setting. Furthermore, we posit that certain extant 274
Myllaena lineages are currently experimenting with this riparian-to-ground habitat transition. The maxilla is the primary appendage used in food gathering, and the labium is primarily 320 used for sensing. Observations of Bryothinusa have shown these beetles are carnivorous and also 321 scavenge on small arthropods between sand particles in marine-intertidal habitats (Wong & Chan 322 1977) . Similarly elongate mouthparts are convergently found in the riparian limuloid genera 323 Gymnusa and Deinopsis. Observations of Gymnusa showed these beetles are carnivorous, and 324 when feeding, probed the food item with the labium and gathered food with the maxilla 325 (Eldredge pers. obs.). Using these examples of correlated form and function as evidence for a 326 dietary type, Myllaenini appears to be a predaceous tribe; the flexible and elongate labium is 327 probably used to probe substrate interspaces to search for food, and the stylate maxilla used for 328 extracting interstitial food items. 329
The large interdigitated teeth are a synapmorphy for Myllaenini sensu nov (S5), but many 330 of the termitohospitines have much shorter and curved maxillae ( Figs. 11a-11b, S5) . 331
Degradation of the mouthparts is a common theme among social insect symbionts, and is thought 332 to be correlated to a simplified diet: feeding on soft-bodied brood or directly fed by workers. 333
Until recently, the diet of Termitohospitini was unknown, but observations of beetles in culture 334 have revealed that Termitohospitini are fed trophallactically by host termite workers, and also 335 groom and are groomed by the workers (Figs. 10a-10b ). Grooming host termites may also allow 336 the beetles to collect colony-specific odors. We suggest that degradation of mouthpart 337 morphology is adaptive for this transition from a predatory diet to one based around trophallaxis 338 and grooming. Notably, the Termitohospitini genus Termitosocius possesses the elongate, more 339 stylate mouthparts characteristic of free-living Myllaenini sensu nov. We therefore speculate that 340 Termitosocius is early-diverging among Termitohospitini, retaining the ancestral predatory diet 341 within termite nests. 342
343
Putting It All Together: Evolutionary Origins of Termitophily in Termitohospitini 344 345 Our reconstructions show that termitohospitines evolved from a riparian limuloid 346 ancestor with stylate mouthparts. We hypothesize that transitioning to a more terrestrial 347 environment caused an increase in the frequency of interactions with termites, and the limuloid 348 
